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Abstract: The native population of Trichoderma species collected from different habitats was quantified and characterised.
The identified strains are T. harzianum (IMI-392432, 392433, 392434); T. pseudokoningii (IMI-392431) and T. virens
(IMI-392430). Out of five strains, T. harzianum was the most common in all of the habitats. Colony forming units (cfu’s)
of Trichoderma species varied significantly (P = 0.05) in different habitats and were positively correlated with the physicochemical characteristics of the habitat. Trichoderma was found to have adapted to an acidic habitat. In testing for an
efficient bioconversion agent, T. harzianum (IMI-392432) was found to be the most effective in kitchen waste
decomposition. It provided the highest volume (31.80%) and weight (30.80%) losses in waste treated with spore
suspension. Promising results were also noted using a combined treatment with different strains/species of Trichoderma,
which resulted in 18% greater decomposition of waste than the control.
Key words: Isolation, distribution, Trichoderma, kitchen waste, bioconversion

Farklı habitatlardan Trichoderma türlerinin izolasyonu ve tanımlanması ve katı
atıkların biyolojik dönüşümü için kullanımı
Özet: Farklı habitatlardan toplanan Trichoderma spp.’nin yerli populasyonlar karakterize edilmiş ve miktarları
belirlenmiştir. Tanımlanan suşlar, T. harzianum (IMI-392432, 392433, 392434); T. pseudokoningii (IMI-392431) ve T.
virens (IMI-392430) olarak isimlendirilmiştir. Beş suş arasından, T. harzianum bütün habitatlarda en yaygın olanıdır.
Trichoderma türlerinin koloni oluşturan birimleri (cfu’ler) farklı habitatlarda önemli bir şekilde (P = 0,05) değişmiş ve
olumlu bir şekilde habitatın fiziko-kimyasal özellikleri ile ilişkilendirilmiştir. Trichoderma’nın asidik bir habitata adapte
olduğu bulunmuştur. Etkili biyolojik dönüşüm ajanı denenerek mutfak atığı ayrıştırmasında en etkili türün T. harizanum
olduğu bulunmuştur. Spor süspansiyonu ile muamele edilen atıklardaki en yüksek hacim (% 31,80) ve ağırlık kayıpları
(% 30,80) bulunmuştur. Gelecek vaadeden sonuçlar, kontrolden %18 daha fazla ayrıştırma ile sonuçlanan Trichoderma’nın
farklı suş ve türleri ile kombine edilmiş bir uygulama kullanılarak da bildirilmiştir.
Anahtar sözcükler: İzolasyon, dağılım, Trichoderma, mutfak atığı, biyolojik dönüşüm
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Introduction
Trichoderma species are cosmopolitan fungi,
frequently present in all types of soil, manure and
decaying plant tissues (1). Their dominance in soil
may be attributed to their diverse metabolic capability
and aggressive competitive nature (2). These
characteristics make them significant decomposers of
woody and herbaceous material. Trichoderma species
are also able to degrade domestic waste relatively
quickly without emitting bad odours (3). Among the
various global environmental hazards, municipal
solid waste (MSW) is one of the greatest modern
problems. Every day large quantities of domestic,
kitchen, and municipal waste are generated in
developed and developing countries (4). Proper
management and safe disposal of MSW is a major,
complex problem that can affect the air, land, and
water. Therefore, attention has been focused on nonhazardous, environmentally friendly, sustainable
techniques involving bioconversion or biologically
based treatment of domestic waste to overcome this
serious problem (5). Microorganisms from relevant
environments possess greater degradation capabilities
on related wastes in the biodegradation process (6).
Thus, bioconversion or biodegradation might be a
potentially effective measure for proper management
of municipal solid waste. Therefore, the present
investigation was undertaken to isolate, identify, and
quantify Trichoderma species from different habitats
of the Rajshahi metropolitan area and the premises of
the compost plant of the Natore Development Society
(NDS). The physico-chemical characteristics of the
samples were analysed and correlations between
sample characteristics and colony forming units (cfus)
were determined. The biodegradative potential of
Trichoderma isolates was also evaluated on kitchen
solid waste in vitro.
Materials and methods
Sample collection
Different types of samples such as soil, humus,
kitchen waste, and compost were collected from
different sites in the Rajshahi metropolitan and its
suburban areas, and on the premises of the NDS
compost plant in Natore from April to July 2003. Soil
samples were collected from the different sites (e.g.,
184

Botanical garden, the 3rd Science building and the
Agriculture Research Field of Rajshahi University
(RU), Budpara, and agriculture field at Khorkhori,
Rajshahi Metropolitan City). Humus was collected
from the Rajshahi City Corporation dumping site,
Kashiadanga. Kitchen wastes were collected from
dustbins in Rokeya Hall, Nawab Abdul Latif Hall, the
Teachers Quarter, the Railway Station, Bangabandhu
Hall and the IBS quarters of RU Campus, and from
the Binodpur Bazaar, the Kazla Bazaar, the Shaheb
Bazaar and the Science lab quarters of Rajshahi City
Corporation. Compost was collected from the
compost plant and compost heap of NDS, Natore. The
samples were taken from a 15 cm depth and collected
in sterile polyethylene bags, which were transported
to the laboratory and stored at 4 °C until use.
Isolation, identification, and quantification of
Trichoderma spp.
For isolation of Trichoderma strains, a serial
3
dilution technique was followed and a 10 dilution of
each sample was prepared. One millilitre of each
solution was pipetted onto a Rose Bengal Agar (RBA)
plate and incubated at 28 °C for 1 week. The culture
plates were examined daily and each colony that
appeared was considered to be one colony forming
unit (cfu). After enumeration of cfu, individual
colonies were isolated from the same plates and each
uncommon colony was reisolated onto a fresh Potato
Dextrose Agar (PDA) plate. Distinct morphological
characteristics were observed for identification, and
the plates were stored at 4 °C.
Two techniques, visual observation on petri dishes
and micro-morphological studies in slide culture,
were adopted for identification of Trichoderma
species. For visual observation, the isolates were
grown on PDA agar for 3-5 days. The mode of mycelia
growth, colour, odour and changes of medium colour
for each isolate were examined every day. For micromorphological studies, a slide culture technique was
used (6). Examination of the shape, size, arrangement
and development of conidiophores or phialides
provided a tentative identification of Trichoderma spp.
Samples were compared to a taxonomic key for the
genus Trichoderma (7) and further verified and
confirmed by CABI, Bioscience, Surrey, United
Kingdom.
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Estimation of moisture content and acidity (pH)
of the samples

The entire process was completed inside a laminar
flow hood.

Freshly collected samples were placed in glass
tubes and the initial weights were recorded. The
samples were then placed inside a hot-air incubator
at 110 °C until constant weights were achieved. The
moisture content was calculated using the following
formula provided by American Wood Preservation
Association’s Standards (AWPA) (8):

Preparation and application
suspensions of Trichoderma

MC (%) = W – w / W × 100
where MC is moisture content, W is the initial weight
and w is the constant weight after oven drying.
The acidity of the samples (pH) was measured
using the method of Black (9).
Chemical analysis of the samples
The chemical characteristics of all the samples
were analysed by the Soil Analysis Laboratory, Soil
Resource Development Institute, Regional Office,
Shampur, Rajshahi, for the following: organic matter
(%), total nitrogen (N) (%), phosphorus (P) (mg/g),
and potassium (K) (mL/100 g). Nitrogen was
determined by the micro Kjeldhal method. Available
P was determined using the Modified Olsen method,
K was determined using the N NH4OAC method, and
organic matter was determined using the dry
combustion method (10).
Preparation of organic solid waste for
bioconversion
Kitchen wastes were collected from different
garbage centres on the RU Campus in polythene bags.
Samples were cut into 2-3 mm pieces and 50 g of each
was aliquotted into a 150 mL bottle, which was then
sealed with a cotton plug. The bottles containing
kitchen solid waste were then autoclaved at 121 °C
2
and 1.05 kg/cm pressure for 15 min.
Preparation and application of culture discs
Trichoderma strains were cultured on potato
dextrose agar (PDA) medium at 30 °C for 48 h. Then
a culture disc (5 mm diam.) was cut with a cork borer
and 6 culture discs were inoculated with autoclaved
kitchen waste. Control treatments were performed
with no inoculation. A sterile thermometer was also
pushed through the cotton plug of each bottle. The
bottles were then sealed with Para film and labelled.

of

spore

Ten millilitres of autoclaved distilled water was
added to a 4-day-old Trichoderma culture tube and
mixed well. Next, 5 mL of this spore suspension was
added to each autoclaved kitchen waste bottle and
mixed well. For the consortium, 1 mL of spore
suspension of each strain (total 5 mL) was used.
Control treatments were also performed with no
inoculation. As with the culture disc experiment,
sterile thermometers were used and the bottles were
sealed with Parafilm.
Changes in odour, temperature, volume loss and
weight loss of the decomposed organic solid waste
were observed at 10-day intervals up to 30 days. For
measurement of volume loss (%), the following
formula was used:
Volume loss (%) = V-V1/V × 100
where V is initial volume, V1 is final volume.
Weight loss (%) of decomposed garbage was
calculated employing the following formula:
Weight loss (%) = W-W1/W × 100
where W is initial weight, W1 is final weight.
Statistical analysis
The experiment was conducted using a complete
randomised design (CRD) with 3 replications.
Correlations were calculated between the sample’s
physico-chemical characteristics and cfus. The data
were statistically analysed with the help of the
computer package MSTAT-C and also tested by
DMRT (11).
Results and discussion
Isolation and identification of Trichoderma spp.
In this study, a total of 135 isolates of Trichoderma
were isolated from different samples (Table 1). On the
basis of morphological characteristics, these 135
isolates of Trichoderma were divided into 5 aggregate
groups (Table 2). Representative isolates from each
group were sent for identification to CABI
Biosciences, Surrey, United Kingdom, and the
185
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Table 1. Frequency of isolation of Trichoderma species and their sources of origin.

Sources of Trichoderma spp.

Sample types

Species name and isolate number

No. of
isolates

BG (Botanical garden, RU)

Soil

T. virens (RUT-101, RUT-106, RUT-107, RUT-108,
RUT-109, RUT-110).

6

T. harzianum (RUT-111, RUT-112, RUT-113, RUT-114,
RUT-115, RUT-116, RUT-117).
RH (Rokeya Hall, RU)

Kitchen waste

7

T. harzianum (RUT-118, RUT-119, RUT-120, RUT-121,
RUT-122, RUT-123)

6

T. pseudokoningii (RUT-102, RUT-124, RUT-125,
RUT-126, RUT-127, RUT-135, RUT-136).
rd

3SB (3 science building, RU)

Soil

7

T. harzianum (RUT-103, RUT-137, RUT-138, RUT-139,
RUT-140, RUT-141, RUT-142, RUT-143. RUT-144).

9

T. virens (RUT-145, RUT-146, RUT-147, RUT-148, RUT-149,
NALH (Nawab Abdul Latif Hall, RU).
TQWP (Teachers quarter west para RU).

Kitchen waste
Kitchen waste

RUT-150, RUT-151, RUT-152).

8

T. harzianum (RUT-153, RUT-154, RUT-155, RUT-156, RUT-157).

5

T. pseudokoningii (RUT-158, RUT-159, RUT-160, RUT-161).

4

T. harzianum (RUT-162, RUT-163, RUT-164, RUT-165,
RUT-166, RUT-167).

6

T. pseudokoningii (RUT-168, RUT-169, RUT-170,
RUT-171, RUT-172).

5

T. virens (RUT-173, RUT-174, RUT-175, RUT-176).

4

RSRU (Railway station, RU).

Kitchen waste

T. harzianum (RUT-177, RUT-178, RUT-179).

3

BB (Binodpur Bazaar, Rajshahi).

Kitchen waste

T. harzianum (BBT-180, BBT-181, BBT-182).

3

KR (Kazla Bazaar, Rajshahi).

Kitchen waste

T. harzianum (KJT-183, KJT-184, KJT-185, KJT-186).

4

SB (Shaheb Bazaar, Rajshahi).

Kitchen waste

T. pseudokiningii (SBT-187, SBT-188, SBT-189).

3

T. harzianum (SBT-190, SBT-191, SBT-192. SBT-193, SBT-194).

5

BHRU(Bangabandhu Hall, RU).

Kitchen waste

T. harzianum (RUT-195, RUT-196, RUT-197).

3

MHRU (Mannuzan Hall, RU).

Kitchen waste

T. harzianum (RUT-104, RUT-199, RUT-200, RUT-201).

4

T. pseudokoningii. (RUT-202, RUT-203, RUT-204,
RUT-205, RUT-206, RUT-207).

6

ARF (Agriculture research field, RU).

Soil

T. harzianum (RUT-208, RUT-209, RUT-210).

3

IBSQRU (IBS quarter, RU).

Kitchen waste

T. harzianum (RUT-211, RUT-212, RUT-213, RUT-214).

4

BPR, (Budpara, Rajshahi).

Soil

T. harzianum (BPRT-215, BPRT -216, BPRT -217, BPRT -218).

4

TQPRU (Teacher quarter pubapara, RU).

Kitchen waste

T. harzianum (RUT-219, RUT-220, RUT-221).

3

CCDS (City corporation dumping site,

Humus

T. virens (CCDKT-222, CCDKT -223, CCDKT-224, CCDKT-225).

4

T. pseudokoningii (CCDKT-226, CCDKT-227).

2

T. harzianum (CCDKT-228, CCDKT-229, CCDKT-230).

3

Kashiadanga, Rajshahi).
KR (Agriculture field Khorkhori, Rajshahi.).

Soil

T. harzianum (AKRT-231, AKRT-232).

2

SLQ (Science Lab Quarter, Rajshahi).

Kitchen waste

T. harzianum (SLQT-233, SLQT-234, SLQT-235).

3

NDS (Natore Development Society, Natore)

Compost

T. harzianum (NDST-236, NDST-237, NDST-238, NDST-239).

4

NDS (Natore Development Society, Natore).

Compost

T. harzianum (NDST-105, NDST-240, NDST-241, NDST-242, NDST-243).

5

Total isolates = 135
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Table 2. Characterisation and identification of Trichoderma species isolated from different habitats.
Group and
Strain

Group-1
T. virens
RUT-101

Group-2
T. pseudokoningii
RUT-102

Group-3
T. harzianum
RUT-103

Group-4
T. harzianum
RUT-104

Group-5
T. harzianum
NDST-105

Trichoderma spp.
with
IMI No.

(IMI -392430)

(IMI -392431)

(IMI -392432)

(IMI -392433)

(IMI-392434)

Sources of
samples

Humus,
BG, RU

Kitchen waste,
RH, RU

Soil,
3SB, RU

Compost,
MH, RU

Compost heap,
NDS, Natore

Macro-/Microscopic characteristics

Initially the colony colour was observed to be
whitish to light green, watery in centre. Next the colony
gradually became deep grass green in colour and looked soft
and leathery to the naked eye. The conidiophores were erect,
smooth, penicillately branched; asymmetrical branches singly
or vertically arranged at different levels, phialides were
flask-shaped, coverage toward the main branch, emphasizing
the penicillate branching. Phialospores were sub-globose
to elliptical, smooth-walled. (Figure 1, 1a & 1b).
Whitish to pale green, hairy and flappy mycelial mat uniformly
grown in PDA plate at 3-4 days. Next pale green turned into whitish
green to dark green colour. Branched conidiophores and dendroid
conidiophores terminated by phialides carried confused ellipsoids to
subglobose phialospores. Phialospores were pigmented, smooth,
elliposide up to a little more than 4 mm long (Figure 1, 2a&2b).
At the early stage whitish to greenish mycelia appeared.
Next a deep green colour developed in central part and gradually
extended to the periphery. Finally, it appeared a whitish green colour.
Mostly globose conidia developed on phialides produced in the
opposite direction in each point. (Figure 1, 3a & 3b).
The colony colour was initially watery white and turned bright green
to dark green and dull green with compact conidiophores
throughout the petriplates. Reproductive structures were closely
similar to RUT-103. (Figure 1, 4a& 4b).
The colony was observed to be watery white at the early stage (3-4 days),
bright green and dark green coloured mycelia mat exhibited at the
central part of PDA plate at the later stage. Reproductive structures
were very similar to RUT-103. (Figure 1, 5a&5b).

BG= Botanical garden; RH= Rokeya Hall; 3SB= 3rd Science building; MH= Mannuzan Hall; NDS= Natore Development Society.

number of Trichoderma groups was reduced to 3
species. These species of Trichoderma were identified
as T. harzianum Rifai (IMI -392432, 392433& 392434)
(86 isolates), T. pseudokoningii Rifai (IMI-392431) (27
isolates), and T. virens (J.H. Mill. Gidden & A.A.
Foster) Arx. (IMI-392430) (22 isolates) (Figure 1).
The identified Trichoderma species are characterised

in Table 2. T. harzianum was the most frequently
isolated species, and it was recovered in nearly all the
samples. In a similar study, Zakaria (12) isolated and
identified 5 species of Trichoderma from the
rhizosphere of rubber trees in Malaysia, namely T.
hamatum (Bon). T. harzianum Rifai, T. koningii
(Oudemans), T. longibrachiatum Rifai, and T. viride
187
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Figure 1. Photograph shows colonies of Trichoderma strains on PDA plate (dorsal view) and
conidiophore with conidia. 1a & 1b. T. virens (IMI-392430), 2a & 2b. T. pseudokoningii
(IMI-392431), 3a & 3b. T. harzianum (IMI-392432), 4a &4b. T. harzianum (IMI392433) and 5a & 5b.T. harzianum (IMI-392434).
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Per.ex S.F. Gray. Ilias (13) isolated 4 species of
Trichoderma in healthy and diseased oil palm
rhizosphere in Malaysia, namely T. harzianum, T.
aureoviride, T. longibrachiatum, and T. virens. These
were also identified following the classification of
Rifai (7) but verified by IMI, England. It was exhibited
that T. harzianum was the most abundant species.
Okoth et al. (14) isolated 306 Trichoderma strains
from 60 soil samples from different places and
observed T. harzianum to be the most frequently
isolated species, but in coffee farms, T. viride was the
most frequently identified species. T. citrinoviride was
the most common in Napier farms. The present result
is accordance with the above findings.
Quantification and distribution of Trichoderma
Trichoderma spp. were recovered from different
habitats. The quantity of the fungi obtained was high,
but unequal numbers of the various species were
found in different samples. Colony forming units
(cfus) of Trichoderma isolates from the different
habitats were significantly (P = 0.05) different (Table
3 and Figure 2). Populations of Trichoderma species
ranged from 13.31 ± 0.28 to 34.68 ± 2.86 × 103/g in
kitchen waste, 17.17 ± 0.39 to 35.32 ± 2.27 × 103/g in
soil, 16.68 ± 1.46 × 103/g in humus, and 35.48 ± 2.88
× 103 to 36.67 ± 3.66 × 103/g in compost and compost
heap. The highest number of cfus (36.67 ± 3.66 ×
103/g) was found in compost (NDS) and the lowest
number of cfus (13.23 ± 0.87 × 103/g) was recorded in
the kitchen waste of Bangabandhu Hall, Rajshahi
University. The identified Trichoderma species were
randomly distributed in different habitats.
Species of Trichoderma are distributed worldwide.
They are generally found in soils, including forest
humus layers and agricultural and orchard soils (15).
At the species level, however, individual species
aggregates may be restricted in their geographic
distribution. Trichoderma populations were
significantly different for the various sites on Rajshahi
University campus and in its suburban area. There
was a significant difference in distribution of
Trichoderma species among the different habitats.
Seasonal variation is a factor that affects the number
of Trichoderma species in the samples. Greater
populations of Trichoderma species in soils have been
estimated in the spring and summer months as
compared to the autumn and winter (16). Danielson

and Devey (17) found that T. viride and T. polysporum
are restricted to areas where low temperatures prevail.
On the other hand, T. harzianum is most commonly
found in warm climate regions. T. hamatum and T.
koningii are widely distributed in areas of diverse
climatic conditions (15). In the present study, the
samples were collected in summer (April to July),
which is in partial support of the above findings.
Effects of the physical and chemical
characteristics of the samples on the occurrence of
Trichoderma species
Soil moisture greatly affected the population (cfus)
of Trichoderma species. In the present study, the
moisture content of the samples was high, and a
positive and significant (P = 0.05) correlation (data
not shown) was observed between the moisture
content and cfus of almost of the samples. High
moisture content might be helpful to increase the
population of Trichoderma. Populations of
Trichoderma spp. have been reported to be greater in
moist soils or even in soils with excessive moisture as
compared to dry soils (17). Population densities of
Trichoderma were found to be positively associated
with sample moisture when soil samples were
collected throughout the year in a California alfalfa
field (18). Therefore, it may be noted that the density
of the Trichoderma population is dependent on the
moisture of habitats.
The results revealed that the pH level in different
habitats was moderately acidic, and there was a
positive correlation between acidity and the
population (cfus) of Trichoderma, although this was
non-significant (P = 0.05). Soil acidity has previously
been reported as a factor affecting the presence and
density of Trichoderma spp. (19). T. viride and T.
polysporum Rifai were more prevalent in acidic
coniferous forest soils, whereas T. hamatum
predominated in more neutral deciduous forest soils
(20), and T. viride predominated in acidic pine forest
soil (21). Therefore, it may be considered that some
species of Trichoderma may be adapted to acidic
habitats.
The sample’s key nutrients, organic matter,
nitrogen, phosphorus, and potassium, displayed some
variations with respect to the distribution and
abundance of Trichoderma (14). In this study, organic
189
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BG, RU

RH, RU

3sb, RU

NALH, RU

TQWP, RU

RSRU

BB, RU

KR

SB

BHRU

MHRU

ARF

IBSQRU

BPR

TQPUR

CCDS

KR

SLQ

NDS
(Compost plant)

NDS
(Compost heap)

S/1

S/2

S/3

S/4

S/5

S/6

S/7

S/8

S/9

S/10

S/11

S/12

S/13

S/14

S/15

S/16

S/17

S/18

S/19

S/20

Compost

Compost

Kitchen waste

Soil

Humus

Kitchen waste

Soil

Kitchen waste

Soil

Kitchen waste

Kitchen waste

Kitchen waste

Kitchen waste

Kitchen waste

Kitchen waste

Kitchen waste

Kitchen waste

Soil

Kitchen Waste

Soil

Sources of
sample

45.34 ± 3.26 ab

47.58 ± 4.83 ab

39.59 ± 4.88 abc

30.29 ± 3.19 cd

28.76 ± 5.36 d

49.36 ± 4.12 a

48.77 ± 2.58 a

43.53 ± 4.62 ab

41.47 ± 2.81 ab

45.19 ± 4.26 ab

37.64 ± 3.15 abcd

36.99 ± 1.26 bcd

47.08 ± 1.29 ab

43.22 ± 4.92 ab

41.47 ± 0.38 ab

48.58 ± 0.48 ab

44.62 ± 0.36 ab

47.55 ± 3.48 ab

44.07 ± 5.61 ab

46.58 ± 5.44 ab

Moisture
content (%)

6.3 ± 0.27 def

5.9 ± 0.12 fgh

6.5 ± 0.05 abcd

5.9 ± 0.1 fgh

5.4 ± 0.12 ijk

5.7 ± 0.11 hijk

6.7 ± 0.12 abcd

5.8 ± 0.06 ghi

6.9 ± 0.12 a

6.67 ± 0.03 abcd

5.33 ± 0.08 jk

5.3 ± 0.05 k

6.77 ± 0.03 abc

5.76 ± 0.08 ghi

6.86 ± 0.04 ab

5.7 ± 0.13 hij

5.9 ± 0.15 fgh

6.2 ± 0.38 efg

6.35 ± 0.22 de

6.43 ± 0.26 bcde

pH

19.96 ± 0.89 ab

19.85 ± 0.82 ab

16.65 ± 1.02 cd

16.58 ± 0.49 d

9.84 ± 0.15 hij

10.51 ± 0.03 ghi

17.24 ± 0.58 cd

12.61 ± 0.05 fg

21.82 ± 0.24 a

19.62 ± 0.28 ab

8.14 ± 0.52 j

8.91 ± 0.22 ij

18.91 ± 0.13 bc

11.61 ± 0.08 fgh

16.51 ± 2.01 d

15.3 ± 0.1 de

12.2 ± 0.26 fg

8.22 ± 0.92 j

13.4 ± 0.06 ef

8.6 ± 0.1j

Organic
matter (%)

1.68 ± 0.04 a

1.72 ± 0.19 a

1.58 ± 0.89 a

1.32 ± 0.02 b

0.26 ± 0.02 e

0.23 ± 0.58 e

1.21 ± 0.06 b

0.61 ± 0.02 cd

1.72 ± 0.01 a

1.6 ± 0.06 a

0.22 ± 0.15 e

0.27 ± 0.05 e

1.63 ± 0.37 a

0.37 ± 0.02 de

1.2 ± 0.06 b

0.79 ± 0.02 c

0.49 ± 0.04 cde

0.32 ± 0.05 de

0.78 ± 0.03 c

0.23 ± 0.02 e

Total N (%)

1149.67 ± 5.21 bb

1158.33 ± 0.88 a

1127.33 ± 4.08 c

1100 ± 1.63 d

83.17 ± 3.18 i

219.76 ± 4.67 f

1128.33 ± 4.09 bc

109.9 ± 6.26 h

1145 ± 9.84 abc

1138 ± 4.12 abc

62.67 ± 2.64 ijk

60.93 ± 1.16 jk

261.42 ± 1.26 e

35.86 ± 7.09 l

214.33 ± 6.43 f

139.74 ± 4.93 g

150.5 ± 5.43 g

79.23 ± 1.94 ij

214.67 ± 1.51 f

55.84 ± 5.32 k

P
μg/g

35.84 ± 2.34 a

31.02 ± 2.93 a

23.27 ± 3.62 b

20.79 ± 3.23 bc

10.96 ± 2.29 d

17.43 ± 3.56 c

21.21 ± 3.46 bc

7.35 ± 1.58 de

24.56 ± 0.08 b

4.04 ± 0.62 ef

0.39 ± 0.03 l

0.46 ± 0.02 k

3.96 ± 0.21 ef

1.41 ± 0.03 f

1.04 ± 0.33 g

1.58 ± 0.14 f

0.56 ± 0.08 h

0.54 ± 0.04 i

1.58 ± 0.75 f

0.51 ± 0.03 j

K
Ml/100 g

35.48 ± 2.88 ab

36.67 ± 3.66 a

34.68 ± 2.86 ab

33.32 ± 2.94 ab

16.68 ± 1.46 gh

27.28 ± 3.56 cd

34.46 ± 2.62 ab

24.31 ± 2.16 de

35.32 ± 2.27 ab

34.33 ± 2.87 ab

13.23 ± 0.87 h

16.31 ± 1.06 gh

30.2 ± 1.22 bc

13.31 ± 0.28 h

26.68 ± 1.28 cd

19.37 ± 0.98 efg

22.67 ± 0.97 def

17.17 ± 0.39 fgh

24.59 ± 0.33 cde

20.67 ± 0.45 efg

No. of cfu’s
(103/g of samples)

Same letters within a column are not significantly different by DMRT at the 5% level.
rd
BG=Botanical garden, RU; RH=Rokeya Hall, RU; 3SB= 3 science building RU; NALH= Nawab Abdul Latif Hall, RU; TQWP= Teachers quarter west para, RU; RSRU= Railway station, RU; BB=
Binodpur Bazaar, Rajshahi; KR= Kazla, Rajshahi; SB= Shaheb Bazar, Rajshahi; BHRU= Bangabandhu Hall, RU; MHRU= Mannuzan Hall, RU; ARF= Agriculture research field, RU; IBSQ= IBS quarter, RU; BPR= Budpara, Rajshahi; TQPRU= Teachers quarter purbapara, RU; CCDS= City corporation dumping site, Rajshahi; KR=Khorkhori, Rajshahi,SLQ=Science Lab quarter, Rajshahi; NDS=Natore Development Society,Natore.

Sample
location

Sample no.

Table 3. Location, sources, moisture content, pH, and chemical characteristics of different samples.
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Location of Trichoderma isolates

Figure 2. Comparison of Trichoderma population with different habitats.

matter showed a significant (P = 0.05) and positive
correlation with the population of Trichoderma spp.
(data not shown). Nitrogen showed a non-significant
(P = 0.05) positive correlation with the occurrence of
Trichoderma species in almost of all the habitats (data
not shown). Trichoderma spp. have been recovered
more frequently from different sources with high
organic matter content (22). Nitrate-nitrogen is not a
preferred nitrogen source for this genus (16). The
present result is completely in accordance with the
findings of these studies. The results of the current
study further show that P and K had a positive and
significant (P = 0.05) correlation with Trichoderma
species (data not shown). Okoth et al. (14) observed
the same results with the most common species of
Trichoderma, i.e. T. harzianum and T. viride.
Bioconversion of solid waste
Fungi play an important role in the decomposition
of organic waste and can be important contributors
to optimal agricultural waste bioconversion (23).
Among the 5 strains studied, T. harzianum (IMI392432) showed the highest volume (31.81%) and
weight (31.80%) losses using spore suspension (Table
4). Using culture discs, the highest volume (22.72%)
and weight (28.03%) losses were also observed in T.
harzianum (IMI-392432). Zheng and Shetty (24)
reported that Trichoderma is capable of producing
various polysaccharide degrading enzymes, which
may help to degrade long chain carbon compounds,
particularly the bulking materials that normally
comprise sewage sludge. Martin and Dale (25) used
weight loss measurement to estimate the tissue
degradation of Bermuda grass (Cynodon dactylon L.)

stolons and Zoysia grass (Zoysia japonica Steud,
‘Mayer’) stolons. Bari et al. (26) reported 31.80% and
28.03% weight loss when culture pellets and spore
suspensions of T. harzianum were used, respectively.
Combined treatment with the Trichoderma strains
had promising effects in the decomposition of organic
solid waste, resulting in a greater loss (18%) of the
original material than the control. Bari et al. (26)
reported that combined treatment was the most
effective method, promoting 23% greater weight loss
than the control in their experiments. Thus, the
composition of the microbial culture affects the
quality of the compost. In another previous study,
mixed microbial inoculants comprised of Trichurus
spirals, Aspergillus, and Paccilomyces fusisporus
accelerated the process of decomposition, resulting in
a 10% greater loss than the control in 12 weeks of
decomposition (27).
Conclusion
From the above findings, it can be concluded that
a significant number of Trichoderma species occupy
different habitats. Some species of Trichoderma were
found to be adapted to acidic habitats. The
populations (cfus) are significantly and positively
correlated with moisture, organic matter, phosphorus,
and potassium, but non-significantly and positively
correlated with pH and nitrogen in almost all of the
samples. The most frequently isolated species was T.
harzianum, and the strain T. harzianuum IMI- 392432
was identified as an effective agent for solid waste
bioconversion using spore suspension. The co-culture
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Temperature
(°C)

3.45±0.463

8.90±0.132

6.90±0.189

6.18±0.115

5.63±0.126

4.45±0.106

7.63±0.137

5.18±0.139

6.25±0.554

4.45±0.059

6.95±0.149

4.72 ±0.094

Volume
loss· (%)

8.02±0.111

15.87±0.120

13.44±0.305

11.24±0.333

13.25±0.665

11.66±0.152

14.99±0.577

12.44±0.881

12.58±0.577

10.23±0.218

11.82±0.284

10.92±0.296

Weight
loss• (%)

Changes of characteristics of solid waste after 10 days

• Mean of 3 replications, SPS= Spore suspension, CD= Culture disc.
T.h= Trichoderma harzianum, T. v = Trichoderma virens, T. p = Trichoderma pseudokoningii.

T.h(IMI-392432,392433,392434)
+ T.v (IMI-392430)+ T. p (IMI-392431)
Control

T. harzianum (IMI-392434)

T. harzianum (IMI-392433)

T. harzianum (IMI-392432)

T. pseudokoningii. (IMI-392431)

T.virens (IMI-392430)

Strain

-

SPS

CD

SPS

CD

SPS

CD

SPS

CD

SPS

CD

SPS

27

31

30

30

30

30

30

30

30

30

30

30

Temperature
(°C)

8.18 ±0.523

26.45 ±0.115

20.72 ±0.112

14.54 ±0.107

19.72 ±0.122

15.54 ±0.105

20.45 ±0.112

17.27 ±0.105

18.72 ± 0.102

13.63 ±0.107

18.99 ±0.154

14.81 ±0.125

Volume
loss• (%)

15.06±0.750

24.82 ±0.585

21.44 ±0.321

19.92 ±0.208

20.88 ±0.346

19.23 ±0.138

23.86 ±0.404

21.00 ±0.577

22.18 ±0.417

16.54 ±0.581

20.88 ±0.404

17.68 ±0.317

Weight
loss· (%)

Changes of characteristics of solid waste after 20 days
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CD

SPS
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Temperature
(°C)

17.36±0.466

33.35 ±0.199

29.35±0.366

21.73±0.396

30.08 ±0.567

22.45 ±0.264

31.81±0.515

22.72±0.415

2830 ±0.644

18.81±0.491

28.32 ± 0.526

20.72 ±1.320

Volume
loss• (%)

18.56±0.321

36.56±0.624

29.04±0.142

25.76±0.435

28.88±0.105

25.98±0.214

31.80±0.529

28.03±0.793

28.02±0.721

23.28±0.360

27.90±0.264

24.14±0.529

Weight
loss· (%)

Changes of characteristics of solid waste after 30 days

Table 4. Changes in temperature, volume loss, and weight loss of solid waste using different Trichoderma isolates
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Figure 3. Effect of physico-chemical characteristics on the occurrence of Trichoderma spp.
BG=Botanical garden; RH=Rokeya Hall; 3SB= 3rd science building; NALH= Nawab Abdul
Latif Hall; TQWP= Teachers quarter west para; RSRU= Railway station; BB= Binodpur
Bazaar; KR= Kazla Rajshahi; SB= Shaheb Bazaar; BHRU= Bangabandhu Hall; MHRU=
Mannuzan Hall; ARF= Agriculture research field; IBSQ= IBS quarter; BPR= Budpara
Rajshahi; TQPRU= Teachers quarter purbapara, RU; CCDS= City corporation dumping site;
KR= Khorkhori Rajshahi; SLQ= Science Lab quarter; NDSCOM= Natore Development
Society Compost plant;. NDSCH=Natore Development Society Compost Heap.

use of different species and strains of Trichoderma
resulted higher and quicker ways of solid waste
decomposition than the use of a single species or
strain.
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